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(54) METHOD FOR QUANTITATIVELY DETERMINING LDL CHOLESTEROLS 



(57) A method for quantitatively determining LDL 
cholesterol, including the steps of adding to serum a 
surfactant selected from among polyoxyethylene- 
alkylene phenyl ethers and polyoxyethylenealkylene 
tribenzylphenyl ethers and a cholesterol-assaying 
enzyme reagent so as to preferentially react cholestrols 
in high density- and very low density-cholesterols 
among lipoproteins, and subsequently determining the 
amount of cholesterol that reacts thereafter. This 
method can eliminate the necessity for pretreatments 
such as centrifugation and electrophoresis, enables the 
quantitative determination to be conducted in an effi- 
cient, simple manner, and can be applied to various 
automatic analyzers. 
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Description 

Technical Fisfl 

[0001] The present invention relates to a method for 
quantitatively and fractionally determining LDL (Low 
Density Lipoprotein) cholesterol and cholesterol in lipo- 
proteins other than LDL in an efficient simple manner 
which requires a small amount of samples and requires 
no treatment for separation, puch as certtrifugation or 
electrophoresis. 

Background Art 

[0002] Lipids such as cholesterols bind to apoprotein 
in serum to form lipoprotein. Lipoprotein is typically clas- 
sified as chylomicron, very low density lipoprotein 
(VLDL), low density lipoprotein (LDL), high density lipo- 
protein (HDL), etc. according to physical properties. 
Among them, LDL is known to be a causal substance 
inducing arteriosclerosis. 

[0003] Several epidemiological studies have clarified 
that the LDL cholesterol level is strongly correlated to 
onset frequency of arteriosclerotic disease. Therefore, 
realization of measurement of LDL cholesterol through 
a simple routine method might be very useful clinically. 
[0004] With regard to conventional methods for meas- 
uring LDL cholesterol, there have been known, for 
example, a method in which LDL is separated from 
other lipoproteins by ultracentrifugation to measure cho- 
lesterol and a method in which lipid is stained after sep- 
aration through electrophoresis so as to measure the 
intensity of developed color. However, most of these 
methods are not used routinely, due to their intricate 
operations and limitations in handling a number of spec- 
imens. There is also known a method in which a carrier 
is sensitized with an antibody which binds a lipoprotein 
other than LDL, then mixed with a sample, and a frac- 
tion not bound to the carrier is fractionated to measure 
cholesterols therein. Although this method is more 
suited for routine assay as compared with the previous 
two methods, the assay procedure involves manual 
steps, which makes automation of the assay proce- 
dures difficult. Thus, the method is still unsuited for han- 
dling a large number of specimens. 
[0005] Meanwhile, with regard to a method for quanti- 
tatively and fractionally determining lipoproteins in a 
sample without using means for separation such as 
ultracentrifugation or electrophoresis, there has been 
known a method in which, upon fractional determination 
of cholesterols in HDL and other lipoproteins (i.e., chy- 
lomicron, VLDL, and LDL), reactivity of enzymes 
employed (typically cholesterol oxidase and cholesterol 
esterase) is controlled to induce exclusively HDL cho- 
lesterol to enzyme reaction. For example, Japanese 
Patent Application Laid-Open (kokai) No, 7-301636 dis- 
closes a method for exclusively measuring HDL choles- 
terol by use of a surfactant and a sugar compound, and 



Japanese Patent Application Laid-Open {kokai) No. 6- 
242110 discloses a method for exclusively measuring 
cholesterol in a target lipoprotein by agglutinating lipo- 
proteins other than the lipoprotein to be measured so as 

5 to control reactivity with an enzyme. These methods are 
significantly useful in view of applicability thereof to 
automatic analyzers which realize automation of all 
steps. However, these methods have limitations in that 
they can quantitatively determine only HDL fractionated 

10 from lipoproteins other than HDL, and have no further 
ability to determine LDL quantitatively and fractionally 
from a mixture of VLDL and chylomicron. Therefore, 
these methods cannot meet an objective to measure 
LDL cholesterol without using separation means. 

15 [0006] Japanese Patent Application Laid-Open 
{kokai) No. 7-280812 discloses a method for determin- 
ing LDL cholesterol comprising the steps of agglutinat- 
ing LDL; removing cholesterols in other lipoproteins by 
a system which differs from a system for determining 

20 LDL; dissolving the agglutination of LDL; and reacting 
the LDL cholesterol. However, similar to the methods 
described in the above two publications, Japanese Pat- 
ent Application Laid-Open {kokai) No. 7-280812 pro- 
poses no resolution to quantitative and fractional 

25 determination of LDL and VLDL and/or chylomicron, 
which is absolutely essential for determining LDL cho- 
lesterol. There is also a problem with this method; it 
cannot be applied to commonly-used automatic analyz- 
ers due to a large number of steps required for the 

30 assay, making this method of very limited use. 

[0007] Thus, with conventional techniques, LDL cho- 
lesterol can never be assayed effectively without per- 
formance of an operation for separation, and, moreover, 
there has been no information indicating possibility of 

35 the above measurement. 

[0008] Accordingly, an object of the present invention 
is to provide a method for quantitatively and fractionally 
determining LDL cholesterol efficiently in a simple man- 
ner while eliminating necessity for pretreatments such 

40 as cerrtrifugation or electrophoresis and which can be 
applied to a variety of automatic analyzers. 

Disclosure of the Invention 

45 [0009] In view of the foregoing, the present inventors 
have conducted earnest studies, and have found that 
reaction with a cholesterol-assaying enzyme reagent 
performed in the presence of a specific surfactant which 
dissolves lipoproteins accelerates reaction of HDL cho- 

so lesterol and VLDL cholesterol and remarkably retards 
reaction of LDL cholesterol; that reaction of HDL choles- 
terol and VLDL cholesterol are terminated prior to reac- 
tion of LDL cholesterol; and that LDL cholesterol can be 
measured quantitatively and fractionally by appropriate 

55 selection of a point of measurement, allowing for appli- 
cation to automated analyzers. The present invention 
was accomplished based on these findings. 
[0010] Accordingly, the present invention provides a 
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method for quantitatively determining LDL cholesterol, 
comprising the steps of adding to serum a surfactant 
selected from among polyoxyethylenealkylene phenyl 
ethers and polyoxyethylenealkylene tribenzylphenyl 
ethers and a cholesterol-assaying enzyme reagent, to 5 
thereby induce preferential reactions of cholesterols in 
high density- and very low density-lipoproteins among 
lipoproteins, and subsequently determining the amount 
of cholesterol which reacts thereafter. 
[001 1 ] The present invention also provides a method 10 
for quantitatively determining LDL cholesterol, charac- 
terized by comprising the steps of adding to serum a 
surfactant selected from among polyoxyethylene- 
alkylene phenyl ethers and polyoxyethylenealkylene 
tribenzylphenyl ethers, a substance exhibiting stronger 15 
bonding affinity to VLDL than to LDL, and a cholesterol- 
assaying enzyme reagent, to thereby induce preferen- 
tial reactions of cholesterols in high density- and very 
low density-lipoproteins among lipoproteins, and subse- 
quently determining the amount of cholesterol which so 
reacts thereafter. 

[0012] Furthermore, the present invention provides a 
kit for quantitatively determining LDL cholesterol, com- 
prising a cholesterol-assaying enzyme reagent and a 
surfactant selected from among polyoxyethylene- 25 
alkylene phenyl ethers and polyoxyethylenealkylene 
tribenzylphenyl ethers. 

[001 3] Furthermore, the present invention provides a 
kit for quantitatively determining LDL cholesterol as 
described above, further comprising a substance which so 
exhibits stronger bonding affinity to VLDL than to LDL 

Brief Description pf Drawing? 

[0014] 35 

Fig. 1 shows correlation of measurements of LDL 
cholesterol obtained in Example 1 through a 
method of the present invention and measurements 
of LDL cholesterol obtained through ultracentrif uga- 40 
tion. 

Fig. 2 shows correlation of measurements of LDL 
cholesterol obtained in Example 2 through a 
method of the present invention and measurements 
of LDL cholesterol obtained through ultracentrif uga- 45 
tion. 

Fig. 3 shows correlation of measurements of LDL 
cholesterol obtained in Example 3 through a 
method of the present invention and measurements 
of LDL cholesterol obtained through ultracentrif uga- so 
tion. 

Best Modes for Carrying out the Invention 

[001 5] The surfactants which are used in the present ss 
invention are selected from among polyoxyethylene- 
alkylene phenyl ethers and polyoxyethylenealkylene 
tribenzylphenyl ethers and dissolve lipoproteins. Exam- 



ples of the former ethers include Emulgen A-60 (Prod- 
uct of Kao Corporation) and examples of the latter 
ethers include Emulgen B66 (Product of Kao Corpora- 
tion). The surfactants may be used singly or in combina- 
tion of two or more species. The amount of use depends 
on the compound and is not particularly limited. Under 
normal conditions, the surfactants are preferably used 
at a concentration of 0.01-2 wt.% so as to obtain a sen- 
sitivity that permits detection of LDL cholesterol within a 
desired assay time, which differs in accordance with the 
analytical apparatus to which a reagent is applied. 
[0016] The method for assaying cholesterol according 
to the present invention is preferably practiced in the 
presence of a substance exhibiting stronger bonding 
affinity to VLDL than to LDL Particularly, when the 
specimen is chylomicron-containing serum, addition of 
the above substance provides excellent assay results. 
Examples of such substances include polyanions and 
substances forming a divalent metal salt. Specific 
examples of the polyanions include phosphotungstic 
acid and salts thereof, dextran sulfate, and heparin; and 
more specific examples of the above substances 
include divalent metal chlorides such as MgCI 2 , CaCI 2 , 
MnCI 2 , or NiCI 2 or hydrates thereof. These substances 
may be used singly or in combination of two or more 
species. The amount of use depends on the compound 
and is not particularly limited. Preferably, polyanions are 
used in an amount of 0.002-10 wt.% and the sub- 
stances forming divalent metal ions are used in an 
amount of 0.01-1 wt.%, both in terms of a terminal con- 
centration in reaction. 

[0017] A surfactant and a substance exhibiting 
stronger bonding affinity to VLDL than to LDL are added 
to serum serving as a specimen and may be added sep- 
arately or in the form of a mixture. Briefly, the former, the 
latter, and a cholesterol-assaying enzyme reagent may 
be added separately; either of the former and the latter 
and a mixture of the counterpart and a cholesterol- 
assaying enzyme reagent may be added separately; or 
a mixture of the three components may be added as a 
reagent. 

[0018] Any known enzymatic assay methods may be 
used for assaying cholesterols. Examples of the meth- 
ods include a method employing a combination of cho- 
lesterol esterase and cholesterol oxidase as an enzyme 
reagent, as well as a method employing a combination 
of cholesterol esterase and cholesterol dehydrogenase 
as an enzyme reagent. Of these, a method employing a 
combination of cholesterol esterase and cholesterol oxi- 
dase is preferred. No particular limitation is imposed on 
the method for finally detecting cholesterols following 
addition of these cholesterol-assaying enzyme rea- 
gents, and examples thereof include an absorptiometric 
analysis employing a further combination of peroxidase 
and a chromogen and direct detection of a coenzyme or 
hydrogen peroxide. 

[0019] In order to perform an LDL cholesterol assay, 
the amount of relevant reaction is determined after ter- 



3 



5 



EP 0 913 484 A1 



6 



mination of reactions of cholesterols in lipoproteins 
other than LDL There may be employed a method in 
which reaction of cholesterols in lipoproteins other than 
LDL is substantially completed after allowing the reac- 
tion to proceed for a specific time, and a reaction which 
proceeds thereafter is kinetically monitored. Alterna- 
tively, there may be employed a method in which an 
additional reaction-accelerating agent is further added 
so as to accelerate reaction of LDL; the reaction that 
has caused therefrom is measured through a reaction 
end-point method; and the value is adjusted by use of a 
blank value (2-points method). With regard to the reac- 
tion-accelerating agents which may be used in the 2- 
points method include the same surfactants that are 
used in reaction of cholesterols in lipoproteins other 
than LDL in a higher concentration and another kind of 
surfactant. In the 2-points method, cholesterols may be 
introduced into another reaction system isolated from a 
system for determining LDL to exclusively detect reac- 
tion of LDL cholesterol during reaction of cholesterols in 
lipoproteins other than LDL 

[0020] Examples of other lipoproteins contained in 
serum include chylomicron, which typically appears 
exclusively after ingestion of food. Chylomicron has 
approximately the same reactivity as that of VLDL 
Therefore, reactivity of chylomicron is also accelerated 
in a manner similar to the case of VLDL by addition of 
polyanions, a substance which forms divalent metal 
ions, etc. and reaction of chylomicron is also completed 
when the reaction of VLDL is completed. Thus, LDL 
cholesterol may be determined quantitatively and frac- 
tionally through measurment of the reaction amount of 
cholesterols thereafter. 

Examples 

[0021 ] The present invention will next be described by 
way of examples, which should not be construed as lim- 
iting the invention thereto. 

Example 1 

[0022] Normal-lipid serum specimens were assayed 
for LDL cholesterol through a method of the present 
invention by use of a Hitachi model 7070 automatic ana- 
lyzer, and the measurements were compared with those 
obtained through ultracentrifugation. The results are 
shown in FIG. 1 . 

[0023] Briefly, to a specimen (4 yi\) t a reagent (300 
containing sodium phosphotungstate (0.02 wt.%) and 
MgCI 2 • 6H 2 0 (0.2 wt%) was added. Approximately five 
minutes later, there was added a cholesterol-assaying 
reagent (100 nl) containing Emulgen A-60 (product of 
Kao Corporation) (0.5 wt.%), cholesterol esterase (1 
U/ml), cholesterol oxidase (1 U/ml), peroxidase (1 
U/ml), 4-aminoantipyrine (0.005 wt.%), and N.N-dime- 
thyl-m-toluidine (0.04 wt.%). and the changes in absorb- 
ance at 545 nm during the period of one minute to five 



minutes after the addition of the second reagent were 
measured. 

[0024] For ultracentrifugation, the serum was sub- 
jected to centrifugation at 100,000g for two hours by use 
5 of an ultracentrifuge, to thereby remove the upper layer. 
To an aliquot (1 ml) collected from the resultant lower 
layer, a heparin solution (40 |il; heparin = 5000 usp 
units/ml) and a 1M MgCI 2 solution (50 nl) were added, 
and the mixture was centrifuged at 5000 rpm for 30 min- 
io utes, to thereby obtain a supernatant. The solution (con- 
taining LDL and HDL) of the lower layer obtained 
through ultracentrifugation and the fractionated super- 
natant (containing HDL) obtained through addition of a 
solution of heparin and a solution of MgCI 2 were sub- 
is jected to cholesterol assay, and the value obtained by 
subtracting the latter from the former represents the 
LDL cholesterol level (Reference; Paul S. Bachorik et 
a/., Clin. Chem. 41/10, 1414-1420, 1955). 
[0025] As shown in Fig. 1 , the present invention pro- 
20 vides measurements having excellent correlation to 
those obtained through conventional centrifugation, 
even though the method of the present invention 
requires a small amount of sample and can be carried 
out in a simple manner. 

25 

Example 2 

[0026] A specimen that contains chylomicron-conta- 
ing serum having a high triglyceride level was assayed 

30 for LDL cholesterol through a method of the present 
invention by use of a Hitachi model 7070 automatic ana- 
lyzer, and the measurements were compared with those 
obtained through ultracentrifugation. The results are 
shown in FIG. 2. 

35 [0027] Briefly, to a specimen (4 nl), a reagent (300 pi) 
containing Emulgen B66 (product of Kao Corporation) 
(0.5 wt.%), cholesterol esterase (0.3 U/ml), cholesterol 
oxidase (0.3 U/ml), peroxidase (0.3 U/ml), and 4-ami- 
noantipyrine (0.002 wt.%) was added. Approximately 

40 five minutes later, there was added a reagent (100 nl) 
containing Triton X-100 (1 wt.%) and N,N-dimethyl-m- 
toluidine (0.04 wt.%), and the changes in absorbance 
were measured by subtracting the absorbance meas- 
ured at 545 nm before the addition of the second rea- 

45 gent from that measured five minutes after the addition 
thereof (correction in consideration of the change in 
amount of the reagents). 

[0028] In the ultracentrifugation step, the procedure of 
Example 1 was repeated. 
so [0029] As shown in Fig. 2, similar to the case of Exam- 
ple 1. in Example 2 measurements of LDL cholesterol 
having excellent correlation to those obtained through 
conventional centrifugation were obtained. 



[0030] The procedure of Example 2 was repeated by 
use of the same specimen and reagents except that 



55 Example 3 
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phosphotungstic acid (0.3 wt.%) was further incorpo- 
rated in the first reagent, and the measurements were 
compared with those obtained through ultracentrifuga- 
tion. The results are shown in FIG. 3. 
[0031 ] As shown in Fig. 3, similar to the case of Exam- 
ple 1, in Example 3 measurements of LDL cholesterol 
having excellent correlation to those obtained through 
conventional centrifugation were obtained, even though 
a serum specimen containing chylomicron-containing 
serum was used. 



assaying enzyme reagent and a surfactant selected 
from among polyoxyethylenealkylene phenyl ethers 
and polyoxyethylenealkylene tribenzylphenyl 
ethers. 

The kit for quantitative determination according to 
Claim 4, further comprising a substance which 
exhibits stronger bonding affinity to very low density 
lipoprotein than to low density lipoprotein. 



10 



industrial Applicability 



[0032] The present invention eliminates the necessity 
for pretreatment such as centrifugation and electro- is 
phoresis, and enables quantitative determination of LDL 
cholesterol, fractional to cholesterols contained in other 
lipoproteins, to be performed in an efficient, simple 
manner, and thus can be applied to various automatic 
analyzers used in clinical examinations. Thus, the 20 
invention is remarkably useful in the clinical field. 

Claims 



1 . A method for quantitatively determining low density 25 
lipoprotein cholesterol, comprising the steps of 
adding to serum a surfactant selected from among 
polyoxyethylenealkylene phenyl ethers and polyox- 
yethylenealkylene tribenzylphenyl ethers and a 
cholesterol-assaying enzyme reagent, to thereby 30 
induce preferential reactions of cholesterols in high 
density- and very low density-lipoproteins among 
lipoproteins, and subsequently determining the 
amount of cholesterol which reacts thereafter. 

35 

2. A method for quantitatively determining low density 
lipoprotein cholesterol, characterized by comprising 
the steps of adding to serum a surfactant selected 
from among polyoxyethylenealkylene phenyl ethers 
and polyoxyethylenealkylene tribenzylphenyl 40 
ethers, a substance exhibiting stronger bonding 
affinity to very low density lipoprotein than to low 
density lipoprotein, and a cholesterol-assaying 
enzyme reagent, to thereby induce preferential 
reactions cholesterols in high density- and very low 45 
density-lipoproteins among lipoproteins, and sub- 
sequently determining the amount of cholesterol 
which reacts thereafter. 

3. The method for quantitatively determining low den- so 
sity lipoprotein cholesterol according to Claim 2, 
wherein the substance exhibiting stronger bonding 
affinity to very low density lipoprotein than to low 
density lipoprotein is a polyanbn or a substance 
forming a divalent metal salt. 55 



4. A kit fa quantitatively determining low density lipo- 
protein cholesterol, comprising a cholesterol- 
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Fig. 3 
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